Abstract. The role of information systems (IS) evolved from supporting basic business functions to complex integrated enterprise platforms and ecosystems. As a result, enterprises increasingly adopt enterprise architecture (EA) as a means to manage complexity and support the ability to change. We initiated a study that investigates the pivotal role of enterprise architecture management (EAM) as an essential strategy to manage enterprise change and within this larger context, specifically how the ArchiMate modeling language can be enhanced with capabilities that support EAM. This paper reports on the evaluation of an EA modeling tool (TEAM) which has been enhanced with EAM capabilities. The evaluation was performed by a focus group of enterprise architects that attended a workshop and applied the tool to an EAM case study. The evaluation results, requirements as well as a conceptualization for further development are presented and are of value for both, enterprise architecture researchers and enterprise architects.
Introduction
"The digitization of our society changes the way society work, communicate and collaborate." [1] Similarly, digitization or digital transformation changes the way enterprises create value. Traditionally, enterprises created value by selling products or by providing services to customers with direct and simple business models. The digital transformation significantly changed these business models (e.g., toward platform ecosystems [2] ), customer involvement (e.g., value cocreation [3] ), and product/service systems [4] . These changes are either driven or supported by information systems and therefore directly influence the enterprise architecture (EA). Thus, it is of utmost interest for enterprises to manage their EA as well as to manage their enterprise using EA, collectively termed enterprise architecture management (EAM) [5, 6] .
The Open Group Architecture Framework (TOGAF) and the ArchiMate [7] modeling language are widely adopted EA standards. However, both have limited support for corporate EA management because of the sole focus on the methodological and modeling language aspects of EA, respectively. Supporting these standards with computerized modeling environments creates opportunities to support EAM by for instance exploiting conceptual models as knowledge base for advanced management support [8] . Our study therefore investigates how EA modeling with proper tooling supports enterprise architecture management.
Adopting the action design research paradigm that incorporates evolutionary design with short evaluation/feedback loops [9] , we implemented a first prototype of the TOGAF-based Enterprise Architecture Management (TEAM) modeling tool 1 that implements the Archimate 3.0.1. standard [7] . This paper reports on an evaluation/feedback loop of TEAM that used a carefully designed focus group. The focus group introduced eight EA experts to both EAM as well as the TEAM tool using a case study in a workshop scenario. In depth feedback was collected from the EA experts on the functionality of the tool, as well as input on how a modeling platform could support the two focus areas of EAM namely: 1) managing the EA of an enterprise, and 2) managing the enterprise using EA. This feedback was consolidated into advanced requirement themes for the second prototype version of TEAM.
The remainder of this paper is structured as follows: foundations are presented in Section 2 and in section 3 the research design for the evaluation of TEAM is discussed. Section 4 consolidates the results by means of a set of requirement themes for advanced EAM. Finally, Section 5 concludes the paper.
Foundations

Enterprise Architecture Management
Enterprise Architecture Management (EAM) is a relatively recent perspective within the domain of EA. EAM is broadly defined as management practice that establishes, maintains and uses a coherent set of guidelines, architecture principles and governance regimes that provide direction for and practical help with the design and the development of an enterprises architecture in order to achieve its vision and strategy [6] . In the 80s John Zachman, often described as the father of EA, adopted a systems engineering approach to develop the Zachman Framework for Enterprise Architecture or Zachman Framework (ZFEA) [10] . The ZFEA had as primary goal the specification of a universal set of descriptive representations from different views for enterprises as socio-technical systems [10, 11] . Originally, EAM was thus focused on the development of the enterprise architecture itself in an attempt to manage the complexity of modern enterprises [6, p. 13] .
In the 90s the focus of EAM shifted from modeling the enterprise towards alignment of the different aspects within an enterprise [6, p. 14] . To assist with this alignment, several EA frameworks were proposed and EAM literature discussed various enterprise alignment aspects e.g. the execution of strategy through business-IT alignment [12, 13, 14, 15] . Lapalme [16] summarized the EAM notions of the time by describing three schools of thought related to EA namely: 1) Enterprise-wide IT platform (EIT), concerned with effective enterprise strategy execution and operation through IT-Business alignment; 2) Enterprise (E), concerned with effective enterprise strategy implementation through execution coherency; and 3) Enterprise-in-environment (EiE), concerned with fostering organizational learning by aligning the various facets of the enterprise such as governance structures and IT capabilities [16] . The most recent developments in EAM include the use of EA for strategic business management [6, 17] . This strategic EAM standpoint incorporates all the previous EAM perspectives but specifically adopts the extended view that EA is a management philosophy and executive management and governance function that should, for instance, be used to manage holistic and sustainable enterprise transformation, alignment and integration [6, p. 57] . Given this perspective, EAM is a multidimensional function that influences all aspects of an enterprise, including its organizational culture, communication practices and operations. Ahleman et al. [6, p. 42] proposed a model that depicts the essential EAM building blocks. As is shown in Figure 1 , the main and outside container for EAM indicate the soft factors that are important within an organization. Stakeholder buy in into EAM is crucial when, for instance, altering organizational culture and changing individual behavior. Figure 1 furthermore depicts the role of EAM as a chief executive officer agenda at the top. The EAM governance and organization role deals with the manner in which EAM is institutionalized within an organization. Furthermore, the integration of EA into organizational processes includes the embedding of EAM into strategic planning, project life cycles and organizational operations and monitoring, which all have to do with the day-to-day operations of an enterprise. EAM building blocks have to include EA frameworks, modeling and tools, which represent and include the existing body of knowledge and best practices regarding enterprise architecture [6, p. 42] . Since ArchiMate is one of the dominantly used EA languages, conceptual modeling methods in general and ArchiMate in particular are briefly introduced in the following to establish a theoretic foundation for the rest of the paper.
ArchiMate, TOGAF and Conceptual Modeling Methods
ArchiMate is a standard of the Open Group that describes an enterprise architecture modeling language [18] . ArchiMate was originally developed by a team from Telematica Institute in the Netherlands to model an EA within and across business domains [19] . ArchiMate adopts a layered view on an enterprise depicted in the ArchiMate Framework where the core entities of an enterprise are categorized along two dimensions (layers and aspects) as shown in Figure 2 . In addition, ArchiMate adopts a service-oriented model where each layer provides services to the layers above it. ArchiMate focuses on specifying a modeling standard for enterprise architecture. By contrast, TOGAF, the Open Group Architecture Framework specifies guidelines for designing, planning, implementing, and governing an enterprise information technology architecture [14] . When the implementation of ArchiMate is discussed, it is often done within the TOGAF approach to provide the context of an enterprise architecture project [20] .
Any conceptual modeling methods such as ArchiMate facilitates the management of complexity by applying abstraction. According to [21] , modeling methods are composed of modeling language, modeling procedure, and mechanisms & algorithms. A modeling language can be further decomposed into: syntax, the available language elements; notation, the graphical representation of syntactic elements; and semantics, the meaning of the syntactic elements. The modeling procedure describes steps and results of utilizing a modeling method in order to create valid models. Lastly, mechanisms & algorithms define the model processing functionality that is provided by the modeling method (e.g., simulations and queries).
Conceptual modeling methods are used to create abstract representations of some part of the real world for "human users, for purposes of understanding and communication" [22] . This traditional view is still valid, however, nowadays conceptual models are also viewed as a formalized knowledge base that enables machine processing and intersubjective understanding [23] . Conceptual modeling methods therefore not only target the best abstraction level for a specific domain by means of a metamodel, but also the enrichment of the modeling language with proper functionality to increase the value of the models. This approach to conceptual models is adopted by OMiLAB, the platform used for the development of TEAM, which is discussed in the next section.
The Open Models Laboratory (OMiLAB)
The Open Models Laboratory (OMiLAB, www.omilab.org) is an open platform for the conceptualization of modeling methods, combining open source and open communities with the goal of fostering conceptual modeling. OMiLAB constitutes a high number of international contributors [24] . Almost 50 different modeling methods have already been successfully conceptualized within OMiLAB [25] , such as Multi-Perspective Enterprise Modeling (MEMO) [26] and SOM [27] . A more comprehensive view on successful conceptualizations within OMiLAB is given in [25] 2 . The TEAM tool was implemented as a project within OMiLAB.
Research Design: Focus Group Evaluation
As stated, we report on the evaluation of the first prototype version of the TEAM modeling tool. In order to obtain the in depth feedback required, we adopted a focus group (FG) as research method. A FG is a qualitative research method that is effective when collecting data about the opinions of people or how they think, feel, or act regarding a specific topic [28] . The method is particularly useful for collecting data in complex scenarios where specialized knowledge is required. Using a FG for data collection in our evaluation of TEAM was therefore applicable because EAM has an extensive scope and we were particularly interested in the opinions of the participants (EA experts and practitioners) regarding EAM requirements when using TEAM. As a prerequisite, the FG needs to be designed in such a way that participants are able to provide high-quality, in-depth feedback. We therefore designed the FG as a workshop specifically aimed at EA experts and practitioners with several years of experience, and we included carefully developed feedback mechanisms that triangulate in order to collect data. Because the experience of the participants varied, we created a baseline by introducing the necessary background in the workshop. The workshop was structured as follows:
1. Session 1: Enterprise Architecture Management: During this session the theory, history and focus of EAM were introduced, followed by the focus areas of EAM namely 1) managing the EA of an enterprise; and 2) managing the enterprise using the EA. The data was collected from eight workshop participants, of which seven were established EA specialists either working full-time as enterprise architects within organizations or as EA consultants responsible for projects initiating EA at various levels within organizations. The group included: (a) professional consultants and trainers who specialized in EA and ArchiMate; (b) professional users who employ EAM frameworks and tools in their respective enterprise or public administration and who are in charge of the EAM management; as well as (c) academics who research and teach EAM at graduate and post-graduate level but with previous experience in EA implementation. The next section presents the case study which was used to evaluate the TEAM tool.
Focus Group Case Study
The Charlies Auto Repair Shop case study was employed to evaluate prototype one of TEAM. After an introduction to TEAM the experts were asked to model each of the three parts of the case. 45 minutes was allocated for each modeling task and 15 minutes were used for discussion. A final one hour long session was dedicated to discussing: (a) the quality and eventual shortcomings of the case itself given EAM; (b) the completeness and accuracy of the mapping between the ArchiMate standard and the tool; (c) usability of the current, and requirements for future versions of the TEAM tool; and (d) usefulnesses of the TEAM tool functionality for EAM.
Case Description In line with the idea that EA and its management play a pivotal role in enterprise transformations, the case study's focus is on the transformation of a traditional car repair SME into a car repair-as-a-service business -strongly reliant on IT and the business opportunities enabled by it. Charlie's Car Repair Shop's original business model focused on providing parts and specialized repair for old-timers. Information technology played a marginal role in the back office of the business for administrative and bookkeeping activities. A management change triggered the modification of the business model. The assets of the old business -repair facility and machinery, spare parts, and mechanical expertise -will now be leveraged with the support of IT to realize a car repairas-a-service business model where old-timer owners can book the assets to work on their cars. The customers will be charged usage-based fees for the different service components.
The underlying motivation is to monetize the old-timer owner's love and knowledge about cars. These persons are known to the repair shop as having two characteristics important for the repair-as-a-service business model. They tend to be financially well off and are able to invest in the costly maintenance and repairs. Moreover, they care about a particular car and also have a lot of knowledge about its mechanics.
Following a general introduction to the case, the first part of the case study detailed the new strategy defining goals, the expected outcomes as well as the necessary capabilities. The second part then derived exemplary business services to be offered to the clients, technology services as well as business processes necessary for the provisioning of the new services. The identified services were also linked to their technology assets like software and hardware. Lastly, the third part described the physical elements which establish the "execution environment" for the services, like repair spaces, repair machinery etc.. These physical elements were linked to the previously defined technology assets.
In alignment with the ArchiMate 3.0.1 standard and following the TOGAF framework, the case includes also Internet of Things and physical assets -thus expanding the EAM space considered in previous versions of the standard.
Exemplary Case Solutions TEAM provides the full spectrum of the ArchiMate 3.0.1 modeling language. The language concepts are grouped into the ArchiMate 3.0.1 layers -called model types: strategy layer, business layer, application layer, technology layer, physical layer, implementation/migration layer, motivation layer, and analysis model. While each of the model types contains only the concepts specific to it, e.g. a business service class is included in the business layer, the analysis model is a container of all ArchiMate 3.0.1 classes thus allowing a top to bottom model for the whole EA. For purposes of this case study participants were encouraged to use the analysis model type. Increasing readability within the model is achieved by using the grouping class to graphically compose objects which also belong semantically together (seen in Figure 4 by the dotted boxes).
In the first part, "The Strategy", the participants needed to cognitively differentiate between a goal and an outcome as well as between a capability and a resource. To ease the identification of the correct ArchiMate concepts, cues are provided in the case description, for example "...the need to build up the auto shops IT Operations and Management capabilities", which points the participant to the concept to use, i.e., capability and its name IT Operations and Management. One solution to the first part of the case study is represented in Figure 3 .
Business services need to support the goals defined for the new strategy. On their part they must be aided by appropriate business processes as well as technology services. For example, the newly instituted Repair space rental service triggers a newly defined business process which in itself employs the Billing technology service. In addition, not shown in the case, one could include a Rental space booking application running on a web-based client-server hardware which allows customers to book their repair slots on-line. For practicing purposes and due to limited time, only an excerpt of the services and processes involved was discussed in the case study. One possible solution of the second part is presented in Figure 4 .
The new business model also triggered changes on equipment level (see Figure 5) . While previously the machinery necessary for mechanical repairs did not need any ICT, now, with the time-dependent billing of usage, each machine must be able to "identify" at least the client to be billed as well as the start and end time of the rental. To this end, car repair machines must be equipped with card reading devices and enabled to transmit the necessary information to the Billing application and ultimately to the Billing technical service.
The new language concepts available in ArchiMate 3.0.1 on the strategy -and on the physical layer enable the enterprise architects to create a comprehensive model stack on which different analytics can be applied, both at design but also at "run" time, thus enabling the enterprise architect's management capabilities.
Evaluation and Advanced Requirements for EAM
The evaluation feedback was obtained during the focus group case study and feedback sessions. During the case study session where the tool was used by the participants, feedback was obtained through interaction and discussion with the participants, as well as through documented observations by the research team when supporting the participants.
Focus Group Case Study Evaluation Results
The participants were asked to evaluate the TEAM tool, EAM and further development, especially given their experience. Questions were prepared to guide the feedback. During the session, the discussion was recorded and transcribed. All feedback is described in the following and collated into the requirement themes reported in Section 4.2.
Workshop participants easily found their way through the first two parts of the case study as it used familiar concepts and terminology. The third part, which relies heavily on new modeling constructs defined in ArchiMate 3.0.1, required a bit more working time.
TEAM was easily understood and handled by the participants. They remarked positively on the intuitive use of modeling concepts and their graphical representation. Moreover, participants found it useful that the use of connectors was limited by the tool only to those allowed according to ArchiMate 3.0.1.
Advanced Requirements for EAM
For eliciting the requirements, we analyzed the focus group feedback from the workshop participants from both the case study and the feedback sessions and condensed the feedback into four advanced EAM requirement themes. Each requirement theme is described using the aspects: Rationale, detailing the ratio behind it; Metamodel Requirements, describing the requirements on metamodel level; Implementation, indicating how the requirement theme should be implemented in a modeling tool; and Execution, exemplifying the execution by the modeler. Finally, we indicate in Sections 4.3 and 4.4 how these requirements could be incorporated conceptually into the next versions of the TEAM tool.
Theme 1 -Information Management
Rationale: It is reasonable to have the possibility of attaching comments and descriptions to the ArchiMate concepts. The generic nature of these attributes enables the modeler to document further properties -besides solely the name -for each concept. Moreover, such meta data can be used for analysis as well as possible future developments. For example, the descriptions can reveal, which additional attributes might be required. Metamodel Requirements: Two new attributes, termed Description and Notes of datatype string, should be introduced into the TEAM metamodel. They should be provided for each ArchiMate concept. Implementation: The two attributes shall be adding to the metamodel and their values should be stored with the models. Visualization and editing of these attributes shall be enabled. Execution: The modeler shall be able to see and edit description and notes in the properties of each modeled concept.
Theme 2 -Lifecycle Management
Rationale: When dealing with ICT, lifecycle management plays a vital role. Questions like "until when are software systems supported with updates?", or "when becomes a certain component invalid?" are crucial for EAM. There should be different kinds of dates in the various layers. For example, the application layer components should have attributes for licenses, which can be outdated or invalid. Time elements in the model should offer possibilities regarding queries and a kind of lifecycle management in the model. Metamodel Requirements: In general, there should be one time attribute for nearly all ArchiMate concepts. In addition, the attributes purpose and name should vary from layer to layer, as there are specific requirements and types of dates. A valid until date should be used for application layer concepts. Implementation: The new attributes should be visualized to the modeler for editing. Additionally, two queries should be realized that enable the modeler to efficiently list in-/valid application components of the current model. Execution: The modeler should define a date at the beginning of the query execution. The tool then lists all instances that fulfill the query criteria. It should be possible to click on the elements in the list to navigate directly to the corresponding instance in the model.
Theme 3 -Responsibility Management
Rationale: The assignment of responsibilities should enforce a higher level of engagement and ease EAM. Thus, technology layer components should be assigned to actors/roles in the business layer. To its end, a visualization functionality shall be realized that displays the connections between the components on the different layers. Metamodel Requirements: To combine business and technology layer, semantic links between concepts of those two layers should be added. Such semantic links might be realized as references or pointers that are specified at the corresponding metamodel classes. Implementation: Reference attributes between technology and business layer should be added for selected elements of the two layers. Furthermore, a functionality shall be provided that generates, starting from a technology layer model, the list of corresponding actors/roles of the business layer. Execution: The modeler shall be enabled to edit the specific reference attributes in order to semantically link concepts of the two layers. Moreover, the modeler shall be enabled to generate the list of responsibilities. All list items shall enable direct navigation to the corresponding instances in the models.
Theme 4 -Business Continuity Management
Rationale: In today's fast changing business models, built on top of complex ecosystems, failure and service unavailability is inevitable. Enterprises therefore aim to establish a business continuity management (BCM) strategy. Conceptual modeling and modeling tools can play a vital role in BCM [29, 30] . A prerequisite for managing crisis events is to be aware of the mutual effects different EA instances have on each other. A semantic link between business and technology models should be established. The goal is to identify the impact of a technology element (e.g., function, process, interface, event, service) on a business layer element of the same type. Metamodel Requirements: Especially concerned are function, process, interface, collaboration, interaction, event and service of the technology and the business layer. A reference attribute, which relates the elements of these two layers shall be added. Implementation: 'Influence on' reference attributes shall be used to define relationships between elements of the technology layer and the business layer. Execution: The reference attributes shall be editable by the modeler, thereby enabling the efficient specification of relationships. Moreover, a functionality shall be realized that queries the models for these attribute values and lists all relationships. This functionality shall be parameterizable by the type of concepts interested in. The modeler may e.g., parameterize a certain business function to be out of order and receive a list of technology components related to this function.
Conceptualization of Modeling Tools with ADOxx
Meta modeling platforms are used for the development of modeling tools. They raise the abstraction level of modeling tool development to a more elaborate level that is adequate for method engineers. The goal is to enable also nonprogrammers to realize their modeling tools. This is achieved by providing a rich set of pre-configured functionality the user then only needs to adapt to his/her domain. Moreover, users can benefit from existing tool developments on a certain platform. ADOxx [31] is a meta modeling platform that has been successfully used in research and industry. The aim of the platform is to raise the abstraction level of modeling tool development to a less implementation-specific level [32] . ADOxx takes care of all domain-independent and non-functional requirements like model management, user management, storage, and user interaction. What is left to be done by the tool engineer is according to [33] : 1) configure the specific modeling language by referring it's concepts to the meta concepts of the platform; 2) provide a proper visualization for the concepts and combine concepts into logical clusters, i.e., model types; and 3) realize additional functionality like model transformations, model queries, or simulations. Figure 6 visualizes a screenshot of the TEAM modeling tool realized with the ADOxx metamodeling platform. TEAM realizes all layers of ArchiMate 3.0.1 following the TOGAF framework, as well as the requirement themes described in Section 4. This enables TEAM to do basic ArchiMate modeling and TOGAF support as well as acting as a facilitator for EAM. Besides the modeling palette, listing the available ArchiMate language concepts of the currently opened model on the left side, the tool also comes with an intuitive context menu that features the model queries -e.g., for the lifecycle management -and the additional functionality -e.g., for the business continuity management. At the top of Figure 6 , indicated by the letter 'a' is the menu bar implemented for the business continuity management and responsibility management. When clicking on 'a', the modeler is presented a multi-select box (see Figure 6 'b') where he/she can de-/select the ArchiMate concepts he/she is interested in, thereby parameterizing the query. After confirming the selection, TEAM executes the query and visualizes the query result window (see Figure 6 'c') on the bottom). The results window lists the relationships between the selected business object type instances and the technology objects of the currently opened models (in Figure 6 Business service and Business function were selected).
The TEAM Tool
Conclusions and Future Research
This paper reported on an action design science research project that targeted the identification and conceptualization of requirements for an advanced enterprise architecture management approach that integrated the TOGAF framework with the ArchiMate 3.0.1 modeling language. The data was collected using a workshop focus group design where in-depth feedback was obtained during tool use in a case study and a feedback session. The feedback was obtained from eight EAM experts and practitioners and was condensed into a set of requirement themes for advanced EAM. Finally, the realization of these requirements with the ADOxx metamodeling platform as a project within the Open Models Laboratory (OMiLAB, www.omilab.org) was briefly illustrated.
Intuitive usage of the modeling tool was evaluated positively by the focus group. Results for the modeling tasks differed. The case study showed, that practitioners were able to create good models for commonly used ArchiMate layers like application and technology. By contrast, support by the moderators was necessary to achieve good results for the new ArchiMate 3.0 layers like motivation. Focus group participants expressed a strong need to support managers and enterprise architects not only with a methodology like TOGAF and an existing language like ArchiMate, but also with a full-fledged modeling environment. Based on the expert feedback, the paper specified requirement themes for advancing model-based EAM. Consequently, EAM has the ability to emerge from being limited to IT experts towards becoming a management tool fostering efficient business operations and the ability to change. This paper finally introduced a first prototype of the TEAM tool, aiming for a tool-based application of advanced EAM.
This research also comes with some limitations. The number of experts was quite low, however we ensured a homogeneous set of participants in the workshop and the discussion. Moreover, some feedback might be biased by the tool that has been used. It is important to differentiate in future design cycles more clearly between the conceptual approach and the tool support.
In future research we will extend the case study with tasks, that utilize some of the advanced features. This extended case study shall then be used to evaluate the second TEAM prototype -eventually leading to a mature modeling environment for advanced EAM. Moreover, we will consider to extend the functionality, e.g., with semantic technologies as proposed in [34, 35] and mechanisms for ensuring consistency between the multiple ArchiMate layers [36, 37, 38] .
